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Behaviour and fate  of herbicides in soil 

Prof Charlie Reinhardt 

 

Massive amounts of pesticides, including herbicides, are released into the environment daily for 

combating pests, plaques and weeds. Most of these chemicals are synthetic or abiotic in nature, i.e. 

produced in factories and not of natural or biotic origin. Soil is the portion of the environment most 

exposed to applied pesticides, if not directly, then indirectly, because the bulk of products applied end 

up in the soil environment over time. 

Interactions between pesticides and soil particles, in particular clay minerals and the humus fraction 

of organic matter, i.e .the colloidal fraction (<1 micron particle size), largely determine the biological 

activity or action of pesticides as well as their destiny. The molecular stability or integrity of pesticides  

determines  how long biological activity is maintained, and is referred to as the "residual period" ─ the 

longer this period, the longer a pesticide remains effective, but there is a negative aftermath of 

residual action associated with it when it lasts so long that it becomes a risk of pollution to the 

environment.  

Movement or translocation of pesticides in their active form from the target area, such as a cropland, 

makes them polluters of other portions of the environment such as sub- and topsoil water sources 

and the atmosphere. In the case of herbicides, long residual action poses a unique risk to crop 

production; too long residual action can cause biologically active residues of herbicides transfer into 

soil after the growing season that follows the one in which the herbicide was applied, with the result 

that sensitive subsequent crops can be damaged. This risk puts an extra onus on the manufacturers 

and users of herbicides, because not only is pollution of the environment an important consideration 

in the destiny of herbicides in soil, but also direct economic loss due to crop damage.  

From the above, of course, the need follows that there must be an end to the period that any pesticide 

is active in any portion of the environment. Above all, there must be the ability of humans and 

technology to understand, measure, and predict the behavior and destiny of pesticides. Especially 

since the 1970s/80s, such knowledge and technology has evolved with rapid strides, more or less in 

line with an increasingly critical public concerns about  synthetic chemicals, especially those derived 

from agricultural industries, which people ingest, and inhale, along with food and water. Those 

concerns soon turned into opposition, and today pesticides and their manufacturers are under the 

magnifying glass that alerts the world in terms of the need/requirement for "safe and environmentally 

friendly" chemical agricultural tools products. 

All synthetic pesticides are basically subject to the same environmental factors that act to a lesser or 

lesser extent on their effectiveness or pesticide action and stability/residuals in the environment. The 

rate at which environmental factors act on pesticides varies from product to product, and there are 

legio  permutations of factors involved. Only thorough research determine  the distinctive behavior 

and destiny of pesticides. Next, it is focused on herbicides. 

 

The charge on soil particles smaller than 1 micron (one-thousandth of one milli metre) ─ the colloidal 

soil fraction 

 

Interactions between soil particles of the colloidal fraction and herbicides are largely provided by  
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electrical charges on both the herbicide molecule and soil particles determined. There is electrostatic 

attraction between positive (+) and negative (-) charge, and repulsion by similar charges (++ or -). 

Herbicide molecules can carry either positive charge, or negative charge, or be neutral with no charge. 

Clay minerals such as kaolinite (1:1 layer of clay) and montmorillonite (2:1 layer of clay) have negative 

charges on their surfaces that confer cation absorption capacity (KAV), also called cation exchange 

capacity (KUV) to clay minerals. Cations are ions with positive charges (e.g. Ca++, Mg++, K+) that bind to 

the negative charge on clay minerals, or adsorb, and these bonds are reversible so that mineral 

elements can be temporarily available or unavailable for absorption by plant roots, depending on how 

strongly they are bound to the clay fraction.  

The colloidal (<1 micron size) organic matter in soil involves the humus fraction of which humic acid 

and fulvic acid are the main components. Humus carries charges that are predominantly negative, but 

there are also positive charges present  on organic colloids , and molecules can be physically attracted 

due to the amorphous (structureless) nature of humus. This even gives organic colloids the ability to 

bind  herbicide molecules that carry no charge. Examples of such permanently neutral molecules are 

the aset anilide group of herbicides, namely: alachlor, asetochlor, metolachlor). This explains why the 

asetanilids have such a particularly high biological activity or action in sandy soils with low organic 

matter content, for example, in so-called "aeolian sand soil", since it does not bind to clay, and there 

is so little humus present in such soil that absorption by plant roots can occur so quickly that the crop's 

enzyme system, which breaks down or metabolizes the herbicide after absorption,  is overwhelmed 

and the result is crop damage. This is why metolachlor and asetochlor are formulated with a safety 

agent when these grass killers are used pre-emergence in maize (a grass). The safety agent's purpose 

is stimulation of the enzyme system that renders acet anilides harmless or degrades acet anilids in 

maize.  

By far the majority of herbicides are more strongly adsorbed (captured) by organic colloids than by 

clay minerals. Organic matter content of soil, specifically the humus fraction, is therefore a much 

better predictor of the biological activity of herbicides in soil than clay content. Nevertheless, the 

dosage of herbicides in South Africa is recommended on the basis of only the clay content of soil, and 

organic matter content is not taken into account. That this system works at all is purely due to the 

normally positive correlation between clay content and organic matter content; with increases in clay 

content, there is usually an increase in organic matter content. But what if the clay content of a soil 

remains constant and the organic matter content, specifically the humus fraction, is significantly 

increased, as expected in the case of successful preservation and increase of the organic matter 

content of a soil where conservation farming practice is applied? In such a case, it can be expected 

that the registered dose, i.e. the label recommendation based on the clay content of soil, of the 

herbicide will produce poorer weed control over time. This is because organic matter content has 

increased significantly over time. This is while dosage is determined according to clay content alone 

and therefore remains pinned. Such a situation of gradually weaker weed control due to increase in 

the humus content of a soil can  easily be confused with weed resistance to a herbicide, because in 

both cases the problem is identical, and, resulting, weaker weed control over time. 

 

 

Soil water 

Water is the medium in which all chemical reactions occur, and it is the perfect solvent and, 

consequently, the perfect carrier of dissolved substances.  Water molecules are in close contact with 
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clay minerals and humus through hydrogen bonds, as well as with the cations bound to the colloid, to 

the point that high soil moisture content results in poor bonding of cations in soil. On the one hand, 

high soil moisture content promotes the absorption of nutrient elements that, due to weaker binding 

to colloids in water, go into solution for easy absorption by plant roots; on the other hand, nutritional 

elements can be leached from the root zone to such an extent that nutritional deficiencies arise in the 

crop.  

The same thing occurs with herbicides in soil ─ under high soil moisture conditions, it is available to a 

high extent for absorption by plants (crop and weeds), but at the same time it is subject to leaching 

from the upper 0-10 cm soil layer where it should be present for absorption by weed seedlings. with 

low soil moisture content, a significant part of the herbicide molecule is not in solution in water, but 

rather in close contact and/or strongly bound (fixed) on colloids, with the result that weed-killing 

action will be at least temporarily weak because little herbicide is available for absorption by the 

weeds. It also explains why water is needed for activation of herbicides applied to soil, as well as why 

drought conditions that follow application of certain herbicides increase the risk that their residues 

may transfer to the future growing season and sensitive crops can be damaged. 

Water is involved in one of the most important chemical mechanisms by which herbicides are broken 

down into soil or rendered harmless ─ water acts as reagent in hydratical reactions in which halogen 

elements such as chlorine (Cl), bromine (Br), and fluorine (F) on herbicide molecule are replaced by 

the -OH (hydroxyl group) of water, with the result that the molecule loses their biological activity. The 

halogen elements act as protection of synthetic organic molecules against microbe degradation, 

because they are toxic to microbes, and only when the halogens are removed can microbes further 

degrade the molecule to their basic, harmless building blocks of carbon (C), hydrogen (H), oxygen (O) 

and nitrogen (N). The breakdown of herbicides in the triasien group (e.g. atriin, terbutylation) is mainly 

due to hydrolysis reaction under acidic soil conditions; hydrolysis also occurs under strong alkaline 

conditions (pH >8). However, under near-neutral and neutral (pH 7) soil pH, the triational group's 

molecule is very stable and promotes long after-effect. 

Soil pH 

When pH is measured, it is actually the concentration of hydrogen ions (H+) that is determined as a 

measure of soil acidity or alkalinity. In low pH or acid conditions, H+ dominates, and under alkaline 

conditions (pH >7), H+ concentration is low and OH¯ concentration is high ─ this is just another 

important function of water (H++ OH- = H2 O). In soils that are not acidic, and are ideal for crop growth, 

negative charge on clay and organic matter (humus fraction) is neutralized by the positive load of plant 

nutrient elements (Ca++, Mg++, K+) that are attracted there. Herbicide molecules with positive charge 

will be similarly immobilised by clay and humus. For example, Atranzine charges  are pH-dependent; 

under acidic soil conditions, it has positive charge that permits strong bonding on clay and humus, but 

in the region of pH 7, the molecule is effectively without charge or neutral, and consequently freely 

available for absorption by plant roots or pH leaching. Paraquat is the one herbicide that carries 

permanent, strong positive charge that is not pH-dependent, and this explains why becomes inactive 

immediately it comes into contact with soil. Glyphosate has negative charge that implies poor 

attraction to colloids, although rapid degradation by soil microbes is the real reason it has low to trivial 

activity in soil.  

Soil pH is the determinant of the stability or residual period of many herbicides. The triasine group is 

very stable at near-neutral and neutral soil pH; residues of triasine transferring from the season of 

application to the following season have already caused a lot of crop damage, but the problem has  

largely been overcome by limiting the total amount of triasins that may be applied per season, with , 
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the limit of 1 kg of active ingredient per hectare per season. Mesotriphone is another herbicide that 

is periodically linked to transfer into soil and resulting crop damage. The charge on  the mesotriphone 

molecule is negatively suited to soil pH for crop production, and as a result, adsorption on clay 

(negative charge) is not strong, but it does get adsorbed on organic matter. Mesotriphone, unlike the 

triasine, is not subject to chemical degradation (hydrolytic) but is due to microbe degradation. Under 

soil conditions that are not conducive to microbe activity, such as low organic matter content, long 

periods of drought and/or cold, it may happen that biologically active residues transfer from 

mesotriphone to the next season.  liming is therefore an important facet that affects the action of 

herbicides.  liming affects the soil pH and soil acidity of the soil to create better conditions for the 

plant, ensuring  effective action of the herbicide.  

Microbe activity in soil 

Soil microbes play a major role during the period that certain herbicides' biological activity is 

maintained in soil. Therefore, microbes affect both the effectiveness and after-work of many types of 

herbicides. The effect of microbes on mesotriphone and glyphosate was explained early on. Because 

soil factors such as soil pH, organic matter content, soil moisture and temperature determine the 

presence and activity of microbes, these factors also have an indirect influence on herbicides sensitive 

to microbial degradation. Synthetic herbicides are mostly organic in nature and consequently serve as 

food for microbes. As mentioned earlier, the stability of synthetic molecules is protected from 

microbes by the presence of halogen elements (Cl, F, Br) in the structure of such molecules. 

Apparently, the molecule does not taste good for microbes and/or the halogen elements are toxic to 

microbes. 

Practices that significantly increase the organic matter content, specifically the humus fraction, of soil 

over time can lead to progressive reduction in the biological activity and residual effect of various soil-

applied herbicides. Therefore, it should be taken into account in the appropriateness of prescriptions 

for herbicide dose based solely on clay content. 

liming and therefore the addition of cations such as Ca have a positive influence on soil structure and 

therefore better aeration that ensures optimal biological activity. 

Different soil tillage practices such as no tillage or minimum soil tillage have a distinctive influence on 

structure, aeration, water infiltration and carbon content and should be taken into account when 

choosing herbicides. There is also the old truth: "For every action that man applies in Nature, there is 

more than one response."  

Finally, the concept of "precision farming" should be broadened to include the aspects discussed here.     
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